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^^"n^ates to a coating ^position for metal conduct such as, for 

properties. 

Thre e-phase a.c. motors, for example, frequency converter-controlled morors or 

JLJ»+ vo,,a g e loads and pulped voltage loads without damage. 

A further requirement in respect of wire wrappings of electricai equipment is me 
,5 partial discharge resist of me wire coatings. Adjacent wire wrappmgs m 

Le purposes, me coatings must exhibit a high partial discharge res,stance. 

According to WO 96/4, 909, within the context of a multi-layer coating for wires, a 
t alg lotion is used which comprises a binder and a particuiate mat^a,, 

1 w. % to 65 wt.% and may be metal oxides, for example, titamum d,ox,de, 

chemical reactivity whatsoever. During the manufacture of such coated w, es, 
^mtinaryextensionmay occur which ,eads to destruction of tire coating layers and 
hence to a drastic decrease in the partial discharge resistance. 

Similar compositions with compare properties are described in DE-A ». 32 186. 
According to DE-A 196 50 288, a, least one of me electrically instating coating 
Jdrolytic condensation of compounds of silicon and optionally of boron, 



20 
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30 



k w™, tin lead the transition metals, lamhanides and actimdes, 
ataminium, phosphorus, hn, lead, * coo*— 
m6 monomer units being composed essenha! y »8 ^ 
which are subsequently crossed. ^ coatmgs *«»"^ 
resistance and surface quality. Good flexibilit.es are no. obtamed. 

compounds. 

,he partial discharge reside of the coating layer in quest™. 

obtained is still in need of improvement. 

• « i c therefore to provide a coating composition 

The object of the present mvenuon », 1ba ^ V of which is 

form etalconductors,pa rt icularl y wires, ^^^^^^ 
25 .creasedcompared^the— ^tC^--* 
wire is extended. Moreover, the P» ^ ^ surface 

layer application or as a coatmg layer m a multi layer pp 
quality and flexibility of the coating should be improved. 

which contains 



A) 



B) 
Q 



boron, germanium, P>n.um, ^ *" sfficon> titaniu m, zinc, 



and/or fillers, 



t a ic hased on the element-oxygen 

and/or partially reactive functions R 2 and * 

network, 

* to qr wt % preferably up to 40 wt.%, 
15 Ri being contained <■ - amount up. to » ~* ' ^ ^ 0 to 

partieularly preferably up to 30 wt /., fc and R, ^ ^ ^ % , n 

97 wt %, preferably 0 wt.% to 40 w«.%, particularly prefera 
the nanomer according to the invention, in which 

~cr OTirORA^, OZr(Om)3, 

anhydride, C <- do bU n-hydroxymethylpropane)-l- 

alcohols bound by way of oxygen, e.g. ^ 2 . hy droxypropan- 

25 ,^late, esters, ethers, e.g, y U.0C2H4OC2H4OH; chelating agents, e.g., 
^notriethanolate, amino diethano. a^a «y ^ ^ ^ ^ 

SH ^Tr^:— 8P i^,po,yes,ers,polyCrHBlC>e S ,ers, 



5 • ra dicalse E polyurethane, polyester, polyester imide, THEIC- 

Rj represents resm radicals, =.g.,poyur f 1Uoxane resins 

polyester imide, polytitanic ester resrns and denvafves ther ^P V 

10 polybenzimidazoles, and 

methyl glycolate, methyl diglycolate, ethyl glycate, butyl d lg lyco 

methyl giycow ^ e e l-hvdroxymethyl-propane-1,1- 



T w according to the invention is composed of an 

The nanomer of component A) according t 

60 wt.%, preferably 5 wt% to 30 wt.%, in the coating common. 



aoove-mentioned elements which areboundby way of oxygen. 
sequence bound to the oxygen in each case. 

5 m inorganic n«wo* prefer* contains the elements of me series comprising 
titanium, silicon, aluminium and/or zirconium. 

F „r example, compounds based on me products Nyaco, DP 5480 fromNyaco, 
10 Products Inc. may be used as component A). 

Optionally, organic units such as, e.g., radicais of aromatic compounds, aliphatic 
! eL emers alcoholates, fats and chelating agents, hmdes, amtdes, 
Z^Ti— tn.enetwor.of.enanomeracco.mgto.e 

15 invention. 

Theuse of OTiCOMs, V***. — * 
diethylene glycolate, OH as function R, is preferred. 

20 The use of radicals of polyester imides and/or THEIC polyester imide resins as 
function R 3 is preferred. 

The use of acrylate resin, aminotnethanolate, acetyl — e, poiyurethane resin 
and butyl diglycolate as function R, is preferred. 

The radicals Ri to R4 in each case may be the same or different. 

Examples of the nanomers of component A) which may be used according .0 the 
invention are shown in Figures 1 to 4. 



30 




OH 



polyester imide 




Figure 1 



THEIC-polyester imide 

Figure 2 



THEIC polyester imide 



Ti(0Z)3 




T5(OZ)3 Ti(0Z)3 
Figure 3 




fi(0Z)3 T^OZ)3 
Figure 4 



i • . w OH a-oups as reactive function Ri. It is able, 
V\ pure 1 shows a nanomer which has OH group* ^ 

example, esters, carboxylic acids, ,socyana.es, epoxrdes, army 

reactivity of the — accord to Figure 2 is deterrninedby ntea^f the 
OH fusions as Ri and the various resin seances poiy-er tmtde - THPC 
polyester imide as examples of R 3 . 



10 



15 



a- tn Figures 3 and 4 are provided with ortho-titanic acid ester 
The nanomers according to Figures 3 ana P 

*o Thp nanomer according to Hgure Hdiw ua 
functions as reactive component Rl The nanomer 
THEIC polyester imide as polymer fragment R 3 . 

THe organic radical Z — - b * " ^ ~ ^ 

^ line, po ly amide nnide, po,yure,hane and polyester imrde groups and 

comprising R4- 

tetrabuty! titanate or zirconate, and titanium terrain, haftuum and SI hco„ 

silicone resins. 

0 wt.% to 70 wt.%. 

t A^ ma v take place by conventional hydrolysis and 
The preparation of component A) may take piace y 
l ne prep P i PtTie nt-oreanic or element-halogen 

condensation reactions of appropriate element organ 
compoundsinmepresenceoforganicreactantscorresponding. 

Similarly organicresin and/or nanomer components may be reacted with 
"^element-oxidecomponnds^ 
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t m of the kind known and customary in the wire coating 
component B) oi the Kino *i 1vatni< i es oolvamide imides, 

, • i ^nlvesters polyester imides, polyamides, poiyam 

acrylate resins. 

The use of polyesters anchor polyester imides, particularly THElC-polyester imides 

15 is preferred. 

20 condensed into the molecule. 

• , „ e m particular, condensation products of polyvalent, aliphatic, 

aroma, c * » of polyester a^nino ^up-contarnrng 

25 ^irir-aproportionofmono.nctionalcompounds.for 

example, monohydric alcohols. 

^htadditiontodi^mayalso^ 
30 dicarboxylic acid component, a reaction P 
trimellitic anhydride. 



Moreover,— .edpo.ye.ter^and/orpo^.erimides may a 1S obe used. 
ttB use of unsaturated posters and/or poster ixnides . preferred. 

potyamides and polyamide imides of the tod prepared from, e. tnme 

cresols and phenols usuaUy being used as capping agents. 

V» compositions may contain pigments and/or fiUers as component C), for 

:L Itives, for example, .tenders, plasucistng components, 
meta, salts, substimtedan^^ 
10 respond to heat), stabilisers (e.g., hydromnnones, mnnones, aKyl phenols, aUcy 
phenol ethers), defoamers, levelling agents. 

b order to mcrease solubility, the compositions may contain organic solvents such 
J! example, aromatic hydrocarbons, N-methylpyrrolidone, cresols, phenols 

25 :i rzu * compositions ac TT 

^Imaycon^forexanrple^O^to^^^oforgantcsoWents. 

Jnventiona! wire coatings and then applied by conventual methods. 

30 * application of the composition according to me invention may take place by 
Lrhonalme.odsirrespecnveofthe^eanddiameterofthewneused.The 
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he coated directly with the composition according to the invention and 

tTu— The ovens may he arranged ho— y or vertical.* the coating 
such as duration and number of eatings, saving temperate, coating 

•I • fhe Tanee from room temperature to 400 C. Moreover, 
tMYineratures may be m the range uum ^ r 

temperaiuic& j above may also 

coating according to the invention. 

During the stoving process, the components of the composition 

invenln, particularly component A) and component B) may underg «1 

reaction with one another. Depending on the chemical nature of components A) and 

, Itions.polym.rUationreactions.add^^ 
may take place preferentially. 

^ use of the composition according ,0 the invention may ^ place irrespective* 

,„ L natirre and diameter of me wire; for example, wires wim a dvameter from 5 urn 
Irlmayhecoa^Sm^^mcludeconventionalmetalconuctors.for 

example, of copper, aluminium, zinc, iron, gold, silver or alloys thereof. 
The coating composition according to the invention may be contained as a 
a, least one coating composition according to the invention. 

According to the invention, the wires may be coated with or without coatings 
tZy pint. Existing coatings may include, for example, insulation coaun^nd 

to the invention may differ considerably. 
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used, e.g., as a top F com positions based on 

tr. the invention is also suitable as a 
More particularly, the composition according to the mven 

one-coat application. 

mav be aDDlied in conventional layer 
with the standardised values for thin and thick wares. 

;0 characterised by a mgn c , ^ element-organic 

compared with the coatings based on monomenc and/or polym 

loads of pulse-shaped high voltages. 
25 The invention is illustrated on the basis of the examples below: 

Preparation of a wire coating according to the prior art 
Example la (comparison) 

30 rmFTO 93 2 g of ethylene glycol, 

194 .2 g of dimethyl terephthalate (DMT) ana u.d g 
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i5o ° c ' ,92ig ;rr^:^i^--.cw ito a 

(DADM) were added. The mixture w 

• .1 «f 1 hours and kept at this temperature for a further 3 hours. g 
period of 3 hours ana k P of cresol were 

were distilled. The mixture was then cooled to 180 C and 50 g 

added. 

of ortho-titanic acid-tetrabutylester. 

15 410mPas. 

Example 1 b (comparison) 

j. tn wn qfi/41 909 and 320 g of cresol 
140 g of aparti^e SiO, materia, accord . o WO 96m 9 ^ 
^ to 1800 g of the wire coating according to Example 

530 mPas was obtained. 

Preparation of «ire coatings according * the invention 

25 Example 2 

, ™ . ™> 5480" (Si-0 nanomer with OH functions, 30% in ethylene 
2 „0 go,»NyacolDr 5480 (St ^ _ ^ ^ vigorous 

glycol, nanomer radius. 25 nm,trom lamastirre dfor 

stirring to !800 , of the wire coating accordmS * « la 

30 60 minutes. A coating dispersion with a sonds content of 30.9 and 

390 mPas was obtained. 
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Example 3 

400 g of ^yacol DP 5480" were added with vigorous stirring to .600 g of me wire 
withasolids content of 30.6% and a viscosity of 370 mPas was obtauied. 
Example 4 

b a 2 Utre tnree.nec.ed fas, with stirrer, — ^^j^ 
of tris^-hyoroxyethyD-isocyanurate (THEIC), 62.0 g of ethylene gly ol, »« g 
dime**! terephthalate (DMT) were mixed thoroughly with 1 80.0 g of an OH- 
Qimetnyi v orepar ed in the manner described 

functional Si-Onanomer (average radius. 25 nm) prep ,, „, m wed 

by Ralph K. Dler, loc. ci,„ at 70-C to 80 -C with vigorous stirnng and ***** 
Jitn 0 5 g of zinc acetate to 210 -C within aperiod of 4 hours. 60 g of me^ol 
with 0.5 go ,„„ 0 . c 192 i go ftrimellitic anhydride (TMA) and 

„eredistilled.Aftercoolmgtol50 C, 1*2.1 go 

99 0 g of methylene dianiline (DADM) were added. The mtxture was heated to 
220 i within a period of 3 hours, with stirring, and Kept a, ^empera^ , « a 
further 3 hours. 33 g of water were distilled. The mixture was men cooled to 180 C 
and 500.0 g of cresol were added. 

With further spring, a ready to use formulation of*, resin solution present was 
plated with 900.0 g of cresol, 284.5 g of Solvesso 100, 100.0 g of xylene^ , 
a clmercialphenolic resin A, 46.2 g of a commercial phenol, resin B and 18.4 g 
of ortho-titanic acid-tetrabutylester. 

The resulting wire coating had a solids content of 30.8% and a viscosity of 
380 mPas. 

Example 5 
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a period of 4 hours. 60 g of methanol were distffled. After coohng to 1 50 C, 192.1 g 
of trimelhtic anhydride (IMA) and 99.0 g of methylene dianihne (DADM) were 
added. The mixture was heated to 220 °C withir. a period of 3 hours, wrth stirrmg, 

r a.ww i hnnrs 33 e of water were distilled, lne 
5 and kept at this temperature for a further 3 hours. 33 g 

nature was then cooled to 180 »C and 500 g of cresol were added. 45.0 g of ortho- 
titanic acid-tetra-isopropyl ester were added at 60 "C to 80 »C and, with vigorous 
stirring , 190.0 g of an OH-functional Al-O-Si-O na^orner (average radius: 20 n.) 

■ K „ p a i n v, v iter loc. cit., and heated to ^ 

prepared in the manner described by Ralphs, uer, ioc. 

10 within aperiod of 5 hours, and 38.2 g of isopropano, were distil. After coohng 

and with further stirring, a ready to use foundation of tire resin so.ution presen * 

prep*ed with 1100.0 g of cresol, 355.0 g of So.vesso 100, 129.0 g of xylene, 11.0 g 

of a commercial phenolic resin A, 50.0 g of a commercial phenolic resin B. 

15 The resulting wire coating had a solids content of 30.5% and a viscosity of 

370 mPas. 



Tests i 

, n isnTKl DM EN ISO 3251 

Solids content 1 g, 1 h, 180 C I /oj. " 

20 Viscosity at 25 °C[mPas] or [Pas] DM53015 



Copper wires with ahare wire thickness of 0.3 mm were coated on a conventional 
wire coating plant with the wire coatings described according to Examples 2 to 
25 and Comparison Examples la and lb (single-layer coating). The resulting layer 

thickness was 18 jjm. 
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Table 1 : Technical data of the coated copper 
DIN EN 60851) 



wires (according to DIN 46453 and 





Comparison 
Example la 


Comparison 

CvQ TYTf^l P In 


Ex.2 


Ex. 3 | Ex. 4 


Ex.5 
402 °C 


Softening 


394 °C 


396 


402 °C 


404 °C 357 "C 


220 °C j 


Point 
Thermal 


220 °C 


220 °C 


220 °C 


220 °C 220 °C 


15 % 


shock 1 x d 
Adhesion and 
extensibility 
during 

wrapping 1 x d 


25% 


mo/ 
4-5 H 


20% 
o- / rl 


15 % 20 % 
6-7 H 6-7 H 


6-7 H ~1 


Pencil hardness 
Paintability 


3-4 H 

Satisfactory 
0.8 h " 


Satisfactory 
> 1000 h 


Satis. 
> 1000 h 


Satis. Satis. 
> 1000 h > 1000 h 


Satis. 
> 1000 h 

430 h 


Service life on 


converter* 

Service life on 


0.5 h 


390 


80 h 


420 h 480 h 


410h 


converter* 
With 5% pre- 
extension of 


0.3 h 


21 h 


70 h 


430 h 490 h 


430 h 


coated wire 
With 10% pre- 
extension of 
coated wire 


02 h 


13 h 


60 h 


" 430 h 500 h 





5 430 h * frequency converter from Siemens: Simovert P 6SE2103-3AA01 
Output: 2.8 kVA, cycle frequency: 10 kHz 



